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In the recent years, because of the rapid development of buildings and machinery 
industries in China, the sales of construction machinery products advanced 
significantly, the gap of related technologies in construction machinery between at 
home with abroad had been increasingly narrowing. However, grader, which is one of 
the most complicated branches in construction machinery, had been researched rarely, 
furthermore, there lacked system theory research and analysis method towards 
dynamics analysis of grader working device. In order to enrich the research contents 
of this research direction, as well as to provide more theory supports and design 
methods for engineers who are engaged in grader working device design, A dynamics 
research method and a secondary development system design method has been 
proposed. 
Taking grader working device as a module, the detailed structure and mechanism 
was analyzed. Its mechanism was confirmed to contain a lower-mobility parallel 
mechanisms and a combination planar mechanism based on the theory of spatial 
mechanism. This lower-mobility parallel mechanism was confirmed to be a 3-UPS/S 
parallel mechanism. A further experiment in the local was performed subsequently, its 
results showed that experiment data was basically same with computer simulation 
data, and the maximum error was less than 3% which accorded with the precision 
requirement on working device; according to this experiment, the validity of such an 
analysis method is proved and concluded. 
A virtual prototyping of grader working device was built to make kinematics and 
dynamics analysis based on system dynamic analysis software, i.e. ADAMSTM. All 
kinds of kinematics parameters of working device, such as cylinder stroke, maximum 
depth of insertion, range of work envelope, could be analyzed and verified. Afterward, 
some dynamics parameters of working device were analyzed and researched, such as 
force curve and maximum loads of all components in the worst working condition. 
Combining the analysis results above, all components’ finite-element analysis models 















strength checks and optimizations were carried out subsequently according to the 
practical work conditions. Because cracks on grader blade were often occurred in the 
process of impact, base on this background, a method to analyze and simulate the 
shock resistance of blade is preliminarily proposed. The finite element models under 
kinds of impact accelerations were analyzed and simulated, the characteristic curve on 
shock resistance of blade is drawn at last. It indicates that the blade can bear the 
impact acceleration with almost 10m/s2, which could provide reference for 
optimization design and engineering test, also could guide customers to use grader 
properly. 
In order to solve the problem of repeating modeling and improve the product 
optimization efficiency, a second development system of working device is proposed. 
Parametric driving process about grader working device is realized in term of spatial 
mechanism. At first, an overall design framework of this second development system 
was established, then customized user interface was completed based on UG/Open 
API and parametric programs for this working device system were complied based on 
UG/Open Grip subsequently. The connections among customized user interface, 
parametric programs and human-computer interaction were realized by using Visual 
C++, an integrated second development system design of working device was 
eventually completed based on UG platform. This second development system could 
not only provide engineers with a rapid design method to decrease new product 
development cycle and cost, but solve the problem of repeating modeling during 
analysis and optimization as well. 
Combining the example of grader working device design and local tests, system 
dynamics research and secondary development system of grader working device are 
verified and confirmed to be effective. This method could not only decrease the new 
product development cycle, but also shorten the new product development cost and 
lead-time. Furthermore, this method could extremely improve the product quality and 
assure wide varieties, other key factors such as product shape, manufacturability, and 
durability that affect the profitability of manufactured products could be optimized 















scale and customization, to apply this method. 
Key words: Grader; Working device; Parallel mechanism; Dynamics; Secondary 
development; ADAMS 
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